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Abstract. [Purpose] The purpose of this study was to show somatotype and physical characteristic differences 
between elite boxing athletes and non-athletes. [Methods] The somatotypes of 23 elite boxing athletes and 23 
nonathletes were measured with the Heath-Carter method. The subjects were divided into four weight divisions as 
follows: lightweight, light middleweight, middleweight, and heavyweight class. [Results] The endomorphic compo- 
nent values of the boxing athletes were lower than those of the nonathletes. However, the mesomorphic component 
values of the boxing athletes were higher than those of the nonathletes. There was no significant difference in the ec- 
tomorphic component between the two groups. The higher weight divisions tended to have higher values of height, 
weight, and BMI than the lower weight divisions. The higher weight divisions also tended to have higher values for 
the endomorphic and mesomorphic components and a lower value for the ectomorphic component than the lower 
weight divisions. The group of nonathletes consisted of eight endomorphs, four mesomorphs, six ectomorphs, and 
five central types. Among the boxing athletes, there were 16 mesomorphic, four ectomorphic, and two central types 
and one endomorphic type. Subdividing the athletes into 13 somatotypes resulted in five balanced mesomorphs, five 
endomorphic mesomorphs, five mesomorph-ectomorphs, three mesomorph-endomorphs, two mesomorphic ecto- 
morphs, two central types, and one ectomorphic mesomorph type. [Conclusion] The data from this study provides 
in part physical characteristics of elite boxing athletes that can be used to establish a reference for systemic study of 
sports physiotherapy. 
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punches made with the knuckle part of the glove against 
the target region of the opponent 5 ). The target region is de- 
fined as any part of the front or sides of the head or body 
above the belt 6) . Weight categories in boxing are divided 
into 10 divisions ranging from -48 to 90 kg or more 7 *. The 
somatotype refers to the physical characteristics of the indi- 
vidual 8 *. Hippocrates (400 BC) recognized two types of hu- 
man somatotype: habitus phthisicus and habitus apoplecti- 
cus. Habitus phthisicus means "long and thin," and habitus 
apoplecticus means "short and thick". This was the origin 
of the somatotype 9 '. However, it was impossible to define 
standardized somatotype characteristics, as there were dif- 
ferences according to lifestyles. The Heath-Carter method 
determines the somatotype according to the body's size, 
bone width, and skin thickness 10-12 *. It classifies individu- 
als into 13 somatotypes based on the results of these mea- 
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INTRODUCTION 

Boxing, which originated in ancient Egypt, has evolved 
over the course of 5,000 years 1 '. Wearing gloves, both box- 
ers attack and defend using their fists inside a ring 2 ). A box- 
ing match consists of three rounds of 3 min, with 1 min of 
rest between rounds 3 ' 4 '. During each round, judges assess 
the scores of each boxers according to the number of clean 
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surements 10 " 12 '. This classification suggests that acquired 
behavior and lifestyles could have an effect on body shape. 
Heath-Carter's classification can be applied to elite boxing 
athletes and used to determine the effect of elite boxing on 
the somatotype. Studies have shown that the adaptation to 
physical effort as a result of training and the process of se- 
lection results in a decrease in somatotype diversity among 
athletes in similar sports or athletes using similar skills 
compared with nonathletes 13 " 15 '. However, research on elite 
boxing athletes has rarely been done. Our study, therefore, 
provides the physical characteristics of elite boxing athletes 
to establish a reference for their training and rehabilitation. 

SUBJECTS AND METHODS 

This study consisted of 23 elite boxing athletes and 23 
nonathletes. Measurements were taken in November 2013. 
Forty-six volunteers who had no physical or psychologi- 
cal conditions provided written informed consent to par- 
ticipate in this study. The participants were asked to com- 
plete a questionnaire administered by individual in-depth 
interviews that took 20-30 min per person 16 '. The partici- 
pants wore only shorts during the measurements, and the 
measurements were taken by a single person. Before the 
measurements, all the participants rested for 30 min. The 
weight categories were divided into four divisions: a light- 
weight class (-49 to -56 kg), light middleweight class (-60 
to -64 kg), middleweight class (-69 to -75 kg), and heavy- 
weight class (-81 to 91 kg or more). The somatotypes were 
classified as ectomorphic, mesomorphic, endomorphic, 
and central types according to Heath-Carter's modified so- 
matotype method 10-12 '. The girths of the upper arms and 
the thickest part of the calves were then determined with 
a tapeline. The breadths of the biepicondylar humerus and 
biepicondylar femur were measured with a large anthro- 
pometer. Finally, the triceps brachii, subscapular, suprail- 
iac, and calf skinfold thicknesses were determined with a 
medical skinfold caliper (Jamar, Anaheim, CA, USA). Mea- 
surement results were then interpreted with the modified 
somatotype method 10-12 ' (Fig. 3). The somatotypes were 
classified as endomorphic, mesomorphic, ectomorphic, and 
balanced types. They were further broken into 13 subcat- 
egories: balanced endomorph (Ben, the endomorphic com- 
ponent is dominant, and the values of the mesomorphic and 
ectomorphic components do not differ by more than 0.5), 
mesomorphic endomorph (Men, the endomorphic compo- 
nent is dominant, and the value of the mesomorphic com- 
ponent is higher than that of the ectomorphic component), 
mesomorph-endomorph (M-En, the values for the meso- 
morphic and endomorphic components do not differ by 
more than 0.5, and the value of the ectomorphic component 
is lower than the other values), endomorphic mesomorph 
(EnM, the mesomorphic component is dominant, and the 
endomorphic component is higher than the ectomorphic 
component), balanced mesomorph (BM, the mesomorphic 
component is dominant, and the values of the endomorphic 
and ectomorphic components do not differ by more than 
0.5), ectomorphic mesomorph (EcM, the mesomorphic 
component is dominant, and the ectomorphic component 
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Fig. 1. Differences in somatochart between the nonathletes and 
elite boxing athletes 

Somatotype analysis was performed, as described in the 
Subjects and Methods 



is higher than the endomorphic component), mesomorph- 
ectomorph (M-Ec, the values of the mesomorphic and ec- 
tomorphic components do not differ by more than 0.5, and 
the value for the endomorphic component is lower than that 
of the other values), mesomorphic ectomorph (MEc, the ec- 
tomorphic component is dominant, and the mesomorphic 
component is higher than the endomorphic component), 
balanced ectomorph (BEc, the ectomorphic component is 
dominant, and the values for the endomorphic and meso- 
morphic components do not differ by more than 0.5), endo- 
morphic ectomorph (EnEc, the ectomorphic component is 
dominant, and the endomorphic component is higher than 
the mesomorphic component), endomorph-ectomorph (En- 
Ec, the values for the endomorphic and ectomorphic com- 
ponents do not differ by more than 0.5, and the value for 
the mesomorphic component is lower than that of the other 
values), ectomorphic endomorph (EcEn, the endomorphic 
component is dominant, and the ectomorphic component 
is higher than the mesomorphic component), and central 
type (C, the values do not differ by 1 in any of the compo- 
nents) 10 - 12 - 17 - 18 ' (Fig. 3). The formulas for the Heath-Carter 
method are as follows: 

Endomorphic component = -0.7182 + 0.1451 x £SF - 
0.00068 x ZSF 2 + 0.0000014 x £SF 3 , 

where £SF = (sum of the triceps brachii, subscapular, and 
suprailiac skinfold thicknesses) x [170.18/height (cm)]. 

Mesomorphic component = 0.858 x breadth of biepicon- 
dylar humerus + 0.601 x breadth of biepicondylar femur 
+ 0.188 x modified girth of upper arm + 0.161 x modified 
girth of the calf - height x 0.131+4.5, where the modified 
value is [value - (1/10 of the skinfold thickness of the part)]. 

The ectomorphic component is calculated as the dif- 
ference according to the value of the height weight ratio 
(HWR, HWR = height / 3 Vweight). 

If HWR > 40.75, then ectomorphic component = 0.732 x 
HWR -28.58. 

If 38.25 < HWR < 40.75, then ectomorphic component = 
0.463 x HWR - 17.63. 

If HWR < 38.25, then ectomorphic component = 0.1. 

The formulas marked on the somatotype chart are as fol- 
lows: 

X = ectomorphic component - endomorphic component 
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Fig. 2. Differences in somatochart among the weight divisions of elite boxing 
athletes 

The weight categories in the present study were divided into four divi- 
sions: the lightweight (A), light middleweight (B), middleweight (C), and 
heavyweight (D) classes. L class, lightweight class (-49 to ~56 kg); L-M 
class, light middleweight class (-60 to -64 kg); M class, middleweight 
class (-69 to -75 kg); H class, heavyweight class (-81 to 91 kg or more); 
Endo, endomorphy; Meso, mesomorphy; Ecto, ectomorph 
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Somatochart for Sports Physiotherapy 

Fig. 3. Schematic representation of the somatochart for 
sports physiotherapy 

The somatochart was prepared as described in 
the Subjects and Methods (quoted and modified 
from Heath and Carter 10-12 '. 



Y = 2 x mesomorphic component - 
(endomorphic component + ectomorphic component) 
Statistical analyses were conducted using the SAS soft- 
ware (version 6.12) to calculate averages and standard de- 
viations. The data are expressed as means ± standard error 
(SE) of the measurements. The significance level was set 
to a=0.05 when performing an independent t-test for group 



comparisons. The protocol for the study was approved by 
the Committee of Ethics in Research of the University of 
Yongin, in accordance with the terms of Resolution 5-1-20, 
December 2006. Furthermore, all volunteers provided in- 
formed consent for participation in the study. 

RESULTS 

Different physical characteristics were observed be- 
tween the nonathletes and the elite boxing athletes (Table 1). 
The endomorphic component values of the boxing athletes 
were lower than those of the nonathletes. However, the me- 
somorphic component values in the boxing athletes were 
higher than in the nonathletes (Table 1). On the somatotype 
chart, the boxing athletes were more likely to be gathered 
in the central and upper parts (mesomorphic side) than the 
nonathletes (Fig. 1). There were also differences among the 
weight categories, with the higher weight divisions tend- 
ing to have higher values of height, weight, and BMI than 
the lower weight divisions (Table 2). In addition, the higher 
weight divisions tended to have higher values for the endo- 
morphic and mesomorphic components and a lower value 
for the ectomorphic component than the lower weight divi- 
sions (Table 2). The somatotype chart shows the classifica- 
tions of the somatotypes, with points shifted left and up for 
the higher weight divisions (Fig. 2). The group of nonath- 
letes consisted of eight endomorphs, four mesomorphs, six 
ectomorphs, and five central types. However, for the box- 
ing athletes, there were 16 mesomorphic, four ectomorphic, 
and two central types and only one endomorphic type. Sub- 
dividing the athletes into 13 somatotypes resulted in five 
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Table 1. Characteristics of the nonathletes and elite boxing athlete 



Variable 



Nonathletes 



Age (yr) 
Gender 

Male (% a /% b ) 

Female (% a /% b ) 
Height (cm) 
Weight (kg) 
BMI (kg/m 2 ) 
Career (yr) 

Training time 

Weight division 
L (-49 to -56 kg) (% a /% b ) 
L-M (-60 to -64 kg) (% a /% b ) 
M (-69 to -75 kg) (% a /% b ) 
H (-81 to 91 kg or more) (% a /% b ) 
Somatotype 
Endomorphy (% a /% b ) 
Mesomorphy (% a /% b ) 
Ectomorphy (% a /% b ) 
Central (% a /% b ) 

Endo C. 

Meso C. 

Ecto C. 



22.6 ±0.6 
23 (100.0/50.0) 

174.5 ± 0.8 
69.1 ± 1.4 

22.7 ± 0.5 



8 (34.8/17.4) 

4 (17.4/8.7) 
6(26.1/13.0) 

5 (21.7/10.9) 
3.0 ±0.2 
3.0 ±0.2 
2.6 ±0.2 



Elite boxing athletes 



19.3 ±0.3 
23 (100.0/50.0) 

173.2 ± 1.0 

70.2 ±2.4 

23.3 ±0.6 

5.6 ±0.5 
5.1 ±0.3 h/day 

30.1 ± 1.9h/week 

6 (26.1/13.0) 
8 (34.8/17.4) 
5 (21.7/10.9) 
4 (17.4/8.7) 

1 (4.3/2.2) 
16 (69.6/34.8) 

4 (17.4/8.7) 

2 (8.7/4.3) 
2.3 ±0.2* 

3.7 ± 0.2* 
2.3 ±0.2 



Data are presented as means ± SE. "Percentage of athletes. b Percentage of all partici- 
pants. BMI, body mass index; L, lightweight class; L-M, light middleweight class; M, 
middleweight class; H, heavyweight class; Endo C, endomorphic component; Meso C, 
mesomorphic component; Ecto C, ectomorphic component. * p < 0.05 



Table 2. Differences in somatotype among the weight division of elite boxing athletes 



Variable 



Weight divisions of elite boxing athletes 
Lightweight Light middleweight Middleweight 

(-49 to -56 kg) (-60 to -64 kg) (-69 to -75 kg) 



Heavyweight 
(-81 to 91 kg or more) 



Number (% a /% b ) 
Height (cm) 
Weight (kg) 
BMI (kg/cm 2 ) 
3 Somatotypes 
Endo (% a /% b ) 
Meso (% a /% b ) 
Ecto (% a /% b ) 
Central (% a /% b ) 
Endo C. 
Meso C. 
Ecto C. 
13 Somatotypes 
Types (% a /% b ) 



6 (100.0/26.1) 
168.1±0.6 
58.3±0.9 
20.7±0.3 



4 (66.7/17.4) 
2 (33.3/8.7) 

1.8±0.2 
3.2±0.2 
3.1±0.2 

M-Ec 3 (50.0/13.0) 
EcM 1 (16.7/4.3) 
BM 1(16.7/4.3) 
MEc 1 (16.7/4.3) 



8 (100.0/34.8) 
171.4±1.1* 
68.0±1.7* 
23.2±0.6* 



6(75.0/26.1) 
1 (12.5/4.3) 
1 (12.5/4.3) 

2.3±0.3 

3.7±0.2 

2.2±0.3* 

BM 3 (37.5/13.0) 
EnM 2 (25.0/8.7) 
M-Enl (12.5/4.3) 
MEc 1 (12.5/4.3) 
Cen 1 (12.5/4.3) 



5 (100.0/21.7) 
177.6±1.2* + 
72.5±1.9* 
23.0±0.5* 



3 (60.0/13.0) 
1 (20.0/4.3) 
1 (20.0/4.3) 

2.1±0.3 

3.5±0.5 

2.6±0.2 

M-Ec 2 (40.0/8.7) 
BM 1 (20.0/4.3) 
EnM 1 (20.0/4.3) 
Cen 1 (20.0/4.3) 



4 (100.0/17.4) 
179.0±1.3* + 
89.3±4.0* +# 
27.9±1.6*t* 

1 (25.0/4.3) 
3 (75.0/13.0) 



3.5±0.6 
4.5±0.4* 
1.1±0.3** 

EnM 2 (50.0/8.7) 
M-En 2 (50.0/8.7) 



Data are presented as means ± SE. Percentage of athletes. Percentage of all participants. BMI, body mass index; Endo 
C, endomorphic component; Meso C, mesomorphic component; Ecto C, ectomorphic component; M-Ec, mesomorph ec- 
tomorph; EcM, ectomorphic mesomorph; BM, balanced mesomorph; MEc, mesomorphic ectomorph; EnM, endomorphic 
mesomorph; M-En, mesomorph endomorph; Cen, central. *f # p < 0.05 
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balanced mesomorphs, five endomorphic mesomorphs, five 
mesomorph-ectomorphs, three mesomorph-endomorphs, 
two mesomorphic ectomorphs, two central types, and one 
ectomorphic mesomorph type (Figs. 1 and 2, and Table 2). 

DISCUSSION 

In our study, although similar in weight, height, and 
BMI, the boxing athletes were more muscular than the 
nonathletes. The endomorphic component values of the 
boxing athletes were also lower than those of the nonath- 
letes. However, the mesomorphic component values of the 
boxing athletes were higher than those of the nonathletes. 
The endomorphic and mesomorphic components of the 
nonathletes were not different, whereas the boxing athletes 
had higher mesomorphic component values and lower en- 
domorphic component values. There was a much higher 
percentage of mesomorph types in the elite boxer group. 
This result was also seen in other studies, with athletes in 
other combat sports, such as judo, Korean wrestling also 
called ssireum, wrestling, and jujitsu, tending to have a me- 
somorphic somatotype 17-21 '. Soccer players also showed a 
tendency toward a balanced mesomorphic somatotype 22 '. 
However, the endomorphic component value of soccer play- 
ers was lower than that in contact combat sports, such as 
judo and Korean wrestling 17, l9 K Boxers have to avoid at- 
tacks and powerful hits by their opponent and continue to 
move their entire body until the end of the match. As they 
require speed, power, and endurance, they have lower endo- 
morphic component values and higher mesomorphic com- 
ponent values than athletes in other combat sports. Even in 
the same sports, physical characteristics differ according to 
the weight category. In a study of the somatotype of Korean 
wrestling players, higher weight divisions were shown to 
have higher values for height, weight, and BMI than low- 
er weight divisions; there were also different somatotype 
components between the weight categories 17, 19 '. The same 
result was found in the present study of elite boxers, with 
the higher weight divisions having higher values for height, 
weight, and BMI than the lower weight players. The heavy- 
weight and lightweight classes had higher endomorphic and 
ectomorphic component values, respectively, than the other 
weight divisions. However, in each weight category, the me- 
somorphic component was more dominant than the other 
components. To summarize our data, boxing athletes have 
a higher mesomorphic component and a lower endomorphic 
component for their athletic performance. Therefore, we 
suggest that elite boxing athletes who are injured or training 
for a match need to be training for fat reduction and muscle 
power when returning from injury. However, further stud- 
ies in the area of sports physiotherapy are needed to cor- 
roborate the pathologic mechanism of sports injury 23-25 '. 
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